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New minimally invasive methods of monitoring kidney transplant rejection are needed. Rejection 
continues to be the major impediment to the success of renal transplantation. Successful management 
requires early detection and adequate treatment Available diagnostic methods include clinical 
presentation, biochemical parameters, and tissue biopsies. The first two are not infallible. The latter are 
costly, invasive, and have associated morbidity and mortality As a result, biopsies are not performed on a 
routine basis despite their potential diagnostic benefits. Two events are thus observed: rejection is many 
times detected in advanced stages of progression* or subclinical rejection is not diagnosed In either case, 
irrreversible allograft injury occurs. 

We developed a new non-invasive technology, with no morbidity or mortality, that will allow early 
detection of renal pathologies such as rejection and delayed graft function. This technique can be used for 
routine postoperative screening in cases of delayed graft function, especially in instances where extended 
criteria donors are used.. 

Molecular characterization of transplant rejection is a complex process involving identification of 
biomolecules of interest, profiling of differences in these biomolecular populations between normal and 
diseased states, and investigation into which ones are associated with rejecdon. A molecule that accurately 
reflects a diseased state can be defined as a biomarker, Biomarkers can be used both to elucidate the 
mechanism of rejection, or as early warning signs for the onset of rejection that prompt intervention 
therapy. 

This invention centers on unne and urinary sediment as the substrates for diagnostic examination. Unne 
offers several advantages over any other specimen: collection is risk-free, non-invasive, and involves no 
discomfort to the padent Unlike biopsies, urine and its sediment allow for sampling of the entire orgap 
and therefoie should more accurately reflect its physiologic state and level of function. 




We have identified 47 potential biomarl<ers of renal transplant rejection in urine based on an area under 
the curve (AUG) > 0.6 for a receiver operating characteristic (ROC) curve. The potential markers were 
found to have molecular weights of 2.6, 3.4. 3.5, 3.8. 4.1. 4.7, 4.8. 5.0. 5.5, 5.6, 6.1, 6.4. 6.5, 6.6, 6.7, 
6.8,7.0. 7.1. 7.3, 7.5, 7.8, 8.0. 8.1. 9.0, 9.1, 9.3, 9.6. 9.7. 9.8. 10.0, 10.8. 10.9. 11.3. 13 4. 13.9. 14.7. 
14.8. 15.1. 15.2, 16.1. 25.0, 28.0, 50.0. 50.1, 51.1. 51.3. 67.0 kilodaltons (kD) as determined by surface 
enhanced laser desorption ionization (SELDI) mass spectrometry. 



Rejection constitutes the major impediment to theTuccess cif solid organ transplantation. Adequate 
management of patients requires early detection of rejection and appropriate treatment. Current 
available methods, including clinical presentation and biochemical parameter, often fail to detect 
rejection until late stages of progression. Renal biopsies currently represent the most accurate way of 
diagnosis, but they have associated morbidity and mortality and provide only a a limited sample of the 
organ. Development of biomarkers of rejection in urine represents a new non-invasive technology, with 
no morbidity or mortality that would allow for the eariy detection of renal allograft rejection. 



Current methods of detecting transplant rejection, specifically needle biopsy, are invasive and can lead 
to Increased risk of morbidity and mortality in the patient. Our approach utilizes biomarker in urine, 
which involved non-invasive specimen collection and does not'lead to increased risk in the patient. In 
addition, urine passes through entire kidney so the urine specimen is a representative sample of the 
entire organ, where a needle biopsy provides only a limited sample of the organ. 
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All refetenc&R cited in this provif^ional patent application are herein incorporated by 
r^erence, each in its respective entirety. 

The described technology can be used to detect acute renal transplant failure. It can also 
prevent chronic renal transplant failure by detecting acute renal transplant &ilure. The 
invention covers a method to examine proteins in the urine for the presence, of proteins 
indicating renal tranjiplant failure. The identification of those proteins are included in the 
supporting material. The described technology will allow for the distinction between 
kidney transplant failure from delayed function of the Iddney as well as from other renal 
pathologies. The described method will allow for the physician to decrease or even 
discontinue immuno-suppression; therefore, preventing side effects of immuno- 
suppression. The described method will allow for the close monitoring of ideal and 
extended criteria kidney transplants with no or minimal morbidity. The described 
method will allow for the early identification and treatment of rejection, thereby 
prolonging the survival of the transplanted kidney. Ttie described method will allow for 
the sampling of the kidney in its entirety rather than a vety limited region such as occurs 
with biopsy samples. The described method will allow the physician to provide 
appropriate tieatment if the urine indicates that acute rejection is occurring to try to 
prevent loss of or injury to the kidney. Such detection may occur at any stage of 
rejection, even at early points not identified by kidney biopsy or laboratory blood testing. 
The described method will allow for the development and use of antibodies directed 
against the urinary markers described and their use for the detection and identification of 
renal rejection, delayed graft function, and other pathologies. The desci-ibed method can 
be used for any species where kidney transplants occur including but not lirniied to 
humans, dogs, cats, and rats. The described method can also detect kidney ttansplnnt 
failure in transplants from the same species and also different species, any kidney that is 
transplanted. 
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Proteomic characterization of renal transnlan t rejection usin^ Surface Enhanced T.a«Pr 
Pesorption/tonization fSFT pi) and ProteinP hi^*^ f^rh»^i», 



Backeround 

Since the first iddney transplant in 1954. transplantation has grown from an experimental 
procedure to an acceptable and widely used treatment for kidney failure. One drawback to this 
procedure, however, is the problem of acute transplant rejection or infection. Despite anti- 
rejecUon and immuno-suppression therapies, a significant number of organ transplant patients 
still experience acute rejection. Approximately 60% of kidney transplant patients wUl have at 
least one rejection episode in the first year after surgery. Fortunately, with medical treatment, 
about 90% of these cases are treated successfully. Optimal treatment, however, requires early 
detection and treatment of the transplant rejection. Available methods include clinical 
presentation, organ function parameters, and tissue biopsies, which are costly, invasive, and 
uncomfortable to the patient. As a result, these methods are performed infrequently, and 
rejecUon may not be detected until late stages of progression. New minimally invasive methods 
of monitoring kidney transplants are needed, which allow early detection and treatment of 
rejection patients. 

Molecular characterization of transplant rejection is a complex process involving 
identification of biomolecules of interest, profiling of differences in these biomolecule 
populations between normal and diseased states, and investigation into which of these players 
contributes to transplant rejection. A molecule that accurately reflects a diseased state can be 
defined as a biomarker. Biomarkers can be used both to elucidate the mechanism of rejection, or 
as early warning signs for the onset of rejection that prompt intervention therapy. A Center for 
Biomarker Discovery has recendy been established at Johns Hopkins for the identification of 
biomarkers in various diseases using state-of-the-art proteomic methods including SELDI-mass 
spectrometry. 
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Traditionally, biomarker discoveiy and validation involves separation and purification of 
the marker from the sample matrix, identification of the marker, characterization, and assay 
development, with each aspect being carried out in a different experiment or lab. Using SELDI- 
MS, biomarker discovery is accomplished at an accelerated pace by combining these steps into a 
simplified procedure performed on a *chip* surface. Biological samples are incubated on a 
ProteinChip™ that possesses a specific surface chemistry. These chips can have various 
chromatographic surfaces including non-polar (RP), polar (NP), metal affinity (IMAC), anion 
(SAX2) or cation (WCX2) exchange, or immobilized biological ligands for bioaffinity 
interactions. Proteins that are not bound to the surface are washed away prior to sample analysis 
by time-of-flight mass spectrometiy. This methodology can be used to compare, two different 
sample sets (e.g. normal and diseased) to perform differential protein expression mapping and 
identify potential biomarkers. The need for improvement in early detection of transplant rejection 
is supported by the increasingly large prevalence of end-stage renal disease (ESRD) in the 
United States. The United States Renal Data System (USRDS) 2001 Annual Data Report 



indicates a point prevalence of 344,094 patients in 1999. Between 1984 and 1999, the annual 
number of kidney transplants performed more than doubled. As of October 1, 2001, 50,004 
patients were on a waiting list for kidney transplantation [United Network for Organ Sharing]. 
Clearly, with increasing numbers of patients and medical costs, a high success rate of organ 
transplantation is desirable and may be facilitated by new methods of detecting transplant 
rejection and infection. The ideal characteristics of a detection method will include low levels of 
risk and discomfort to the patient. Rejection biomarkers seem ideally suited to the challenge of 
early, non-invasive recognition of transplant rejection patients. 

Studies Related to New Invention 

We used SELDI-MS employing ProteinChipTM technology (Ciphergen Biosystems, 
Palo Alto, CA) to screen urine samples from renal transplant patients for novel proteins produced 





during post-transplant monitoring. Patients were divided into groups based on whether the donor 
is Uve or cadaveric. Initial studies involved optimization of chip technology for biomarfcer 
discovery in urine. A standardized protocol, the rapid screening capabilities of SELDI-MS, wiU 
be utilized to analyze protein profiles of transplant paUents at various stages of recovery or 
rejection. We used the differential protein expression profiles generated from SELDI-MS to 
generate graphical comparison maps for identification of potential biomarkers of rejection. Once 
a promising biomarkcr was identified, purification for further analyses was performed using 
liquid chromatography or the ProteinChip™ surfaces. 

Proteins unique to the first stages of rejection may serve as early indicators of acute 
rejection or infection, or as markers of risk for chronic rejection. However, these proteins are 
useful only if they are applied clinically as predictive biomarkers. To apply these biomarkers for 
clinical diagnostic or prognostic uses, rapid and inexpensive assays must be developed. The 
advantage of using SELDI-MS is that protein purification, characterization, and identificaUon 
can all be carried out on the same chip, using a single insmiment and only a few microliters of 
sample. This should drastically reduce the amount of time needed to optimize an analyte- 
specific assay. 

Additionally, protein patterns, or "signatures", can be used as markers themselves instead 
of identifying a specific component. Using software developed at the Center for Biomaricer 
Discovery, the utility of using protein pattern recognition as a maiker for rejection will be 
investigated. A sample set containing both known normal and rejection samples were used as a 
training set to determine the parameters needed for pattern recognition. Once the pattern was 
determined, a blinded sample set was used to validate the pattern for use as a composite 
"biomarker". Both approaches to biomarkers were investigated as a viable and less invasive 
alternative to kidney biopsy for diagnostic and prognostic evaluation of transplant rejection. 
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i/n«e Specimen Processing 
•Urine samples were collected from 32 renal transplant patients at various stages of post- 
transplant recovery or rejection. 25 samples were collected from rejection patients, and 
15 samples were collected from non-rejection patients, with 2 patients contributing 
matched urine specimens (both pre-rejection and post-rejection). 
•Patients' transplant rejection status was confimied by kidney biopsy. 
•Specimens were centrifuged for 5 minutes at 1000 g to remove sediment. Supeniatanis 
were aliquoted and frozen at -80' C. 



SELDIMass Spectrometry 
•Processed urine samples were apphed in triplicate to SELDJ ProteinChip® Arrays, with 
metal affinity (IMAC-3) and hydrophobic (H4) chemistr/. IMAC-3 chips had been 
pretreated with 1 OOmM CuS04 and PBS. H4 chips had been pretreated with 50% 
Acetonitrile 

•3 mL of urine were added to each chip spot in dupHcate. Chips were incubated at 37° C 
between applications, allowing samples to dry on the chip surface. 

•Specimens were applied to chips in a random pattern, in order to minimize the eifects of 
spot to spot variation. 

•Following sample application, IMAC-3 chips were washed with PBS and H4 chips were 
washed with 20% Acetonitrile. 

•CHCA (alpha-cyano-4.hydroxycinnaimc acid) or SPA (sinapinic acid) matrix solution 
(composed of energy absorbing molecules) was then added to each chip spot in duplicate. 
•Protein chips were analyzed on a PBS-H mass reader (Ciphergen Biosystems, Fremont, 
CA) with SELDI 3.0 software. Data were collected by averaging 110 laser shots viith 
intensities and detector sensitivities optimized for each combination of chip and matrix 
type. 
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jDflto Analysis 

•Mass spectra generated by SELDI mass spectrometry analysis were examined visyially to 
select peaks with potential to distinguish between pre-rejection and rejection patients. 
•SELDI software was used to identify aU peaks in the spectrum data by ^plying a 
threshold to signal-to-noise values. 

•Labeled peaks were normalized to the Creafibine content of each urine specimen. 

through division of peak intensity by Creatinine concentration in g/dL. Outlieis were 

removed from the triplicate data sets based on the results of Tn tests. 

•Both visually and computer labeled peaks were analyzed with ProPeak software to 
statistically identify those peaks with the best ability to distmguish between the patient 
populations. Peak intensities were log nomialized for ProPeak analysis. 
•ProPeak software used UMSA (Unified Maximum Separability Analysis) to identify a 
direction in n-dimensional space along whach two data sets are optimally separated. 
Bootstrap selection ranked peaks according to the strength and consistency of their ability 
to discriminate between the sets. 

•The diagnostic perfonnance of highly ranked peaks from UMSA analysis was evaluated 

by receiver operating characteristic (ROC) analysis. The abihty of the peaks to 

distinguish between pre-rejection and rejection patients was ranked by the area under the 

ROC curve (AUC). Peaks with AUCs greater than 0.6 were classified as peaks of 

interest, the highest of which (AUCs > 0.75) are candidate bioraarkers. 

•Computer labeled peaks were subjected to CART (Classification and Regression Tree) 

analysis, implemented by Ciphergen Biomaiker Pattern^ Soflware6, in order to identify 

patterns of biomarkers which distinguish between patient populations. 

•Samples from patients less than four days post-transplant (n=3) were omitted from data 

analysis, due to the presence of excessive inflammatory response protei^. 
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Acute Rejection Episodes: 
Earlier and More Frequent in 
Recipients of Extended Organ 

Donor Allografts 



Background 

Increased use of extended organ 
donors 

Unknown incidence of acute 
rejection in this group has not been 
clearly defined: 

-No uniform definition of high risl< 
patients 

-IVIost studies are retrospective 
-Numbers are small 
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Expanded Criteria Donors; 
Definition Used 

• Age 

- < 5 years 
> 65 years 

• Terminal Creatinine > 1 .5 mg/dl 

► History of Hypertension / Diabetes 

• Cold Ischemia Time > 30 hours 



Aim 



Compare the timing and severity of 
acute rejection episodes among 
extended criteria and non-extended 

criteria donors 



/3 



Materials and Methods 

Prospectively collected data from 
351 consecutive cadaveric kidney 

transplants performed at our 
Institution 



Immunosuppression 
(Kidney Alone) 





Expanded 
Criteria 


Other 


P 


Tacrolimus 


94% 


88% 


NS 


MMF 


89% 


86% 


NS 


iL2R ab 


18% 


3% 


0.003 


OKT3/ATG 


12% 


5% 


0.09 



Materials and Methods 



• Acute rejection episodes were scored 
using Banff 97 criteria. 



• Groups were compared using Fishers 
exact test or Pearson Ctii Square (for 
variables witii 3+ categories). 
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Materials and Methods 

Follow-up was measured from 
transplantation to first episode of 
biopsy proven AR, and was 
censored at end of available follow- 
up or patient death; it was 
evaluated using the Kaplan Meier 
method and compared using log 
rank test 
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Donor Characteristics 



p-ns 





Recipient Characteristics 
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Results 



>382.2 graft years of follow-up (55% EC) 
128 Biopsy proven Acute Rejections 

- 1 00 EC (42.4% event rate) 
- 28 Non-EC (24.3% event rate) 

P=0.001 






Acute Rejection 

Median acute rejection-free follow- 
up per patient: 0.55 yrs 

Mean AR free survival (years) 
-2.3 (0.6) for EC 

« P=<0.001 

-3.5 (0.2) Non-EC 



Timing of Acute Rejection 

Cumulative incidence of Acute Rejection 
within the first 6 weeks post transplant: 



847o 



Non-EC 57% 



P=0.006 
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Timing of Acute Rejection 



3-month acute rejection rate 



-35% EC 



-16% Non-EC 



Rejection Free Graft Survival 
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Acute Rejection 



P=0.007 



Conclusions 



Our data suggest that EC grafts suffer 
from more frequent and earlier episodes 
of acute allograft rejection and are at 
higher risk of developing acute vascular 
rejection. 
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Conclusions 



These findings support the need for 
increased intensity or alterations of 
immunosuppressive strategies during 
the peri and early postoperative period. 






LISTED PATIENTS- 



• Kidney: 49,442 

• Pancreas: 1,173 

• Kidney-Pancreas: 2,542 

• Liver: 17,977 

• Intestine: 168 

• Heart: 4,230 

• Heart-Lung: 222 

• Lung: 3,753 

TOTAL: 77,179 (Multiple Organs) 



TRANSPLANTS - 2000 

• Kidney Alone:13,372 (5,293 Live Donors) 

• Pancreas Alone: 435 

• Kidney-pancreas: 911 

• Liver: 4,954 

• Intestine: 79 

• Heart: 2,198 

• Heart-lung: 48 

• Lung: 956 





Total: 22,953 




CHAIUCTEItlZATION OF RENAL ALLOGRAFT REJECTION BY MEANS OF 
SURFACE ENHANCED LASER DESORFHON/IONIZATION (SELDl) MASS SPECTROMETRY 

AND URINARY FROTEOMIC ANALYSIS 



Background ; Rejecdon constitutes the major impediment to the success of transplantation. Adequate maoagenient 
requires early detection and appropriate treatment Current available methods, including clinical presentation and 
biochemical parameteis, often fiiii to detect rejection until late stages of progression. Although renal biopsy 
currently represents the most accurate vfsiy of diagnosis, ft is oostlyv mvasive, has associated moibidity and mortality, 
and provides only a limited sample of the organ. 

Ain^: Our goal was to develop a new non-mvasive fechnology» with no morbidity or mortality that would allow for 
the eaify detection of renal allogiraft rejection. 

Methods : Urine samples were prospectively collected from 32 renal transplant recipients at various time periods after 
transplantation. Twenty-two samples were collected £rom patients with acute cellular lejection. Eighteen samples 
were obtained from recipients witfi no rejectioa Six patients contributed matched urine specimens (both pre- 
lejection and post-r^ectzon). The presence and diagnosis of acute cellular rejection was confirmed by renal biopsy 
in all cases. Pmteins of interest were captured on a protein blochip of specific surface chemistry, and were 
subsequently ionized fay excitation with a laser source. The resulting ions were chamcterized with a time>of*flight 
analyser. Data generated 1^ SBLDE niass spectrometry were compared by differential protein profiling and analyzed 
using FroPeak software. 

Results : Analysts of the samples collected revealed fifteen protein peaks of approximalely 3.4, 4.S» 5.0, 5.3, 5.6, 6. 1, 
6.4, 7.0, 73, 7.7, 10.8, 1 1.3, 13.4, 14.6, and 50^ kD which were unique to urine specimens ftom recipients with 
acute cellular rejection. These protein peaks were absent in specimens from recipients with no evidence of acute 
cellular rejection or in whom it had been treated successfully. Further characterization of these protein peaks is 
illustrated below, where pre- and post- rejection urine specimens are compared 
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Conclusions : Using Surface Enhanced Laser Desorptbn/Ionization (SELDI) mass spectrometry we were able to 
identify characteristic protein peaks present in urinary specimens of renal transplant recipients. Our results 
identilled several peaks present In the urine of patients with acute cellular rejection that disappear in its absence. To 
the best of our knowledge, this is the first successful proteomic characterization of renal transplant rejection by 
means of urinary biomarkers. Further use of these biomarkers could allow for routine screening of lenal transplant 
patients, the early detection of allograft rejection, and the ability to differentiate rejection from other renal 
pathologies by means of a non-invasive technique with no associated moibidity or mortality. 



Proteomic Characterization of Renal Transplant Rejection Using Surface Enhanced 
Laser Desorption/Ionization (SELDI) Mass Spectrometry 
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Tables 1-3. Ranked Peaks of Interest (AUCs > 0.600). 
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Figure 1 Schematic of SELDFV-MS Protein Chip Rcsader ' 

Schematic of ProteinChip Reader 
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FigiMC 5. CART Analysis of H4 Protein Chips with SPA Matnx fHigh Intensity) 
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Figure 6 UMSA Analyse of Unne Samples on H4 Protein Ch.pswa>jyCA Mat rix (Low Utteoaty) (A) 
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Hguic 4, ROC Analysis of Candidate Biomarkcrs from H4 Protein 
Chips with (A) SPA and (B; CHCA Mainx (Low Intensity). 
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of transplant rejection 
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informaUon obtained from the procedure. Careful assessment of 
potential risks and benefits must precede every decision to sub- 
ject a patient to a biopsy. 

All major complications after needle biopsy manifest as peri- 
nephric or unnary bleeding. Transient macroscopic hematuria is 
common and is of little clinical significance. Macroscopic hema- 
turia follows about 3% of biopsies and may prolong hospitalization 
or lead to blood transfusion or placement of a bladder catheter for 
clot drainage. Ureteral obstruction occasionally occurs, requiring 
placement of a percutaneous nephrostomy; massive hemorrhage 
necessitating surgical exploration, graft nephrectomy, or angio- 
giaphic embolization is rare. Postbiopsy arteriovenous fistulas 
may sometimes bo detected by Doppler ultrasound and can usu- 
ally be treated expectantly. Angiographic embolization may occa- 
sionally be required, and graft loss has been reported. 

Specimen Handling 

Detailed methods for handling tissue specimens are beyond the 
scope of this chapter. For all specimens, portions are obtained for 
ench of the three traditional methods of evaluating renal paren- 
chyma: light microscopy, electron microscopy, and immunofluores- 
cence. For tiie initial biopsy, all methods should be used; for sub- 
sequent biopsies, electron and iminunofluores'cent microscopy arc 
performed only if indicated. This approach allows the pathologist 
to obtain maximal diagnostic and prognostic information. In se- 
lected instances, rapid processing or frozen sections can be per- 
formed on the tissue placed in fixative for light microscopy when 
an immediate assessment of the clianges m the graft is necessary 
for iiutiating or modifying therapy. 

Transplant Rejection 

Traditionally, three major forms of rejection are recognized: hyper- 
acute, acute, and chronic Each has reasonably distinctive changes, 
although acute and chronic reaction may be present simultane- 
ously, resulting in a mixture of histopathologic featutes. Pathologic 
findings III tlie mcuor lesions responsible foi functional impairment 
of the graft are shown m Table 13 2 

Hyperacute R^ection 

Hypei acute rejection is produced by preformed cytotoxic antibod- 
ies and is an infrequent event so Icftig as the preLransplantation 
crossmatch is negative (see Chapters 3 and 5) It may manifest 
shortly after vascular anastomoses are established or may be 
delayed up to 2 to 3 days, ft is characterized by rapid and wide- 
spiead vascular thiombosis, predominantly affecting artenes, 
arterioles, and glomci*uh« often with polymorphonuclear; leuko- 
cytes incorporated in the thrombi. Tlic kidney is usually cyanotic, 
slightly edematous, and flaccid, and urine production suddenly 
ceases or does not begin at all. If tiie kidney is not removed imme- 
diately, extensive cellular necrosis ensues, followed after 24 hours 
by numerous cortical and medullary infarcts Immunofluores- 
cence may disclose capillary and arterial wall immunoglobulin G 
(IgG) or IgM, C3, and fibrin, with fibrin also in the thrombi. Elec- 
tron microscopy m the early lesions indicates degeneration and 
early necrosis of vascular endothelium 



Table 13.2. Histopathologic findings in the 



Type 



msgor 



Acute cellular 
r^ection 

Acute humoral 

rejection 
Acute tubular 

necrosis 
Acute cyclosponne 

toxicity 
Chronic r^'ection 

Chronic cyclo.sponnc 
toxicity 



Interstjtium 



Tubides 



cau ses of allo graft dysfanotion 

Glomeruli Artenea 



iildbma, lyniphoq}'tes 



Hemorrhage, zonal 

necrosis (infarction) 
Edema 

Edema 

Ftbtosis, 

lymphocytes 
•"StHped" fibroses 



•Lymphocytes, cell 
degeneration 

Necrosis 

Cell degeneration, necro- 
sis, mitotic figures 
Isoni«*tnc vsaioles 

Aliophy, drop-nut 

Atrophy 



Capillary lymphocytes 

Neutrophils, thrombosis 

Normal 

Norma] 

Chronic transplant 

glomerulopathy 
Ischemic collapse 



Swollen ondoiheliun*, 
lymphocytes, foam 
cells 

Necrosis, neutrophils, 

thiombosis , 
Norma] 

Normal 

Fibrosis, lymphocytes, 
narrowed lumina 

Artenolopa thy, 
hyalimzation 
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fl<M 9. Long-Term Management and Complications 



necessary to have a dedicated social worker or pharmacist 
available to help patients find ways to cover the cost of their 
inununoauppresstve medications. 

Identify patients who are at high risk for noncompliance. Ado- 
lescent patients are at increased risk, often because they are 
fearful of tlie cosmetic effects of prednisone and cyclosporine. 
Patients who are poorly educated are also at increased risk 
for noncompliance. Similarly, low family income is associated 
with noncompliance. Socioeconomic factors place members of 
racial minorities at increased risk for noncompliance. Studies 
have shown that patients who were noncompliant with med- 
ication, diet, and dialysis therapy before transplantation are 
more likely to be noncompliant after renal transplantation. 
Patients who are at high risk for noncompliance should be 
targeted with risk factor intervention in much the same way 
that we target patients who are at high risk for cardiovascu- 
lar disease with intensive risk factor management In both 
instances, the benefit is likely to be the greatest when the risk 
is the highest 



7. 



Strategy 3: Monitor KenabFunction Closely 
Frequent monitoring of renal function in the late posttransplan- 
taliun period helps to enforce compliance with immunosuppres- 
sive medications and provides the only reliable means to detect 
acute rejection when it may still respond to treatment. A program 
requiring patients to make certain that serum creatinine is mea- 
sured regularly and reported to the transplantation center also 
provide^ an indirect means for the center to monitor compliance. 
Patients who fail to have their serum creatinine level checked 
rcgvUarly should be contacted and reminded of the importance of 
close, ongoing foUow-up to prevent graft failure. Patients and 
caregivers should be constantly reminded that acute rejection 
rarely presents with signs and symptoms in the late posttrans- 
plantotion period. Serum creatinine levels can be measured in 
most laboratories relatively inexpensively. This test is the only 
practical tool that can be used to screen for acute rejection in the 
late posttransplantation period. It is not too much to ask patients 
to have their serum creatinine level measured regularly in the 
late pbsttrans plantation period. 

At least once a year, and preferably more often, urine should be 
chocked for protein excretion. Persistent proteinuria (i e., more 
thaA 1 g in 24 hours for at least 6 months) is associated with an 
increased risk for graft failure. Proteinuria can be most reliably 
detected by either a timed urine collection (which is cumbersome) 
or a protedn-to-creatmine ratio measui ed in a random "^spof urine .« •» 
sample (which is convenient). Dipstick screening is less reliable' 
because the protein cc * 
of diuresis. There are 
proteinuria: 

1. Reducing high levels of proteinuria with angiotensin-converting 
enzyme (ACE) inhibitors or receptor antagonists may help re- 
duce levels of serum cholesterol and alleviate coagulation and 
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^ Long-Term Management and Complications a oR 

SSr 1^^^"^ circumstantial evidence that proteinuria raav 
Itself be irxiunous to the kidney and may contribnfceTATKi 
pathogenesis of chn)mcanograftnephrShy^^^^ ^ 
Strategy 4: Perform Biopsy to Detect Late Acute Rejection 
There IS evidence to suggest that even low-grade tubuHtis or bor 
SopXTstan' ri-k for chS alb^:ft 

Ttrated fK. randomized, controlled tnal has det^n- 

the rf ^^"'^ rqection on protocol biopsies during 

the hrsl few months after transplantation result^ in a 

u^r^e'tfe^ f «^ compared w^^^^^^ 

^^-Psy^An acute" sust"^^^^^^ 
fib^fl^JI prompt immediate evaluation The 

strategy of routinely monitoring serum creatinine levels fderrrihp^ 

strategy 5s Treat llyperlipSdoniia Aggresblvely 

««n«l''i"^?'t 'f '=°'"'r'"* ^f^"^ renal transplantation Elcva- 
frfr"'.*^?' ^•'""^^ invariably acrompanwU by 
Svattrslvi'^,^.''*?'"'!? Triglycerides a1-e also fr^ieiuj 

5^"*^" ^^""^ '^""'J correlahons between hype?^ 
hpidemia and cardiovascular disease aftt-r renal tronsplantatwn 

eviaenco that treatment of elevated LDL reduces the rffll* Ta^ 

after Strnn?^ T}- common lipid abnormality 

• ri,M-?i 1 L r^'^'f "^"l'""' " reasonable to follow the National 

A« ?able 9 m A NaUoiLT'v?^'''" ^^"^^2 ^^^^^ foi^eatmen 
^ rMrhL VV. Kidney Foundation task force on CVD 

r^Jm «ached the same conclusion, but went further to suggest that 
transplant recipionU should be considered in So hidiMt ™k ^to. 

k • J-l^I- cholesterol levels of more than 130 mg/dL 



avenient). Dipstick screening is less reliable tk-^f&L?. bhA« i^,,- I ^«\P"a"nacoiogic treatment, especialh 

concentration is also dependent on the state ^>ifl3 §1,?.?^^ '''"^r 

re two reasons why it is important to detect -^.i^ op rTi-oIfw" ° V""*' protein excretion with an ACE inhibij 

•t'W^ J^th np^tJ^I^I?^"'^^'''?^ ^^^P ^° ^^^^^'^ 'ipJd levels for patiei 



i\ ^ • *t — •^""^■••Hi wiwiesLeroi ana uXJl* but the 

^ . 'v:??! Ci^. ^ 'holosterol after renal Iransplanlotion. Plasma levels of 
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may represent labofatory variability, and recognition of their 
significance is aometimea more of an art form than a sciencel u , ■ 
there ia any question regarding a small asymptomatic rise in 
the plasma creatinine concentration, the test a^iould ^« < 
within 48 hours, and the directional change usually facilitates its,- 

clinical evaluation. , . j r ^ 

Anatomic or surgical problems must be excluded before ^eo-. , 
ical" diagnoses are made to explain deteriorating graft faction* 
Doppler ultrasound is invaluable (see Chapter 12), and it shoiUd 
be performed before any major therapeutic ^^i^f JY^.^^^?"- 
Eraphic scans are nonspecific in the setting of ATN. rejection, or 
drug toxicity and are of limited diagnostic value at this s^age,^ v;» 

The gold-standard diagnostic tool is either ^^e kidney biopsy 
or fine-needle aspiration biopsy (see Chapter 13}. The timing at^.^^* 
frequency of kidney biopsies vary between centers. One chnic^. ^ 
approach to graft dysfunction is to make a Oierapeutic »j^tervfen-. 
tion empirically based on die clinical presentataon and »abo^i . 
tory values. A favorable response confirms the diagiiosis, Dut^a^^ 
lack of a response likely requires a tissue diagnosis. A tiss«edia^| 
nosis of reiecbon ahbuld always precede a course oi uivia pr* 
polyclonal antibodies. This policy is wso because ""anhcipate^ 
diagnoses, such as rjephrotoxicity. CMV infection, poatlransplan^^ 

■ tation lymphoma, or polyomavirus infection, may be made. an< 

■ such Rndinga require reducUon of immunosuppression ^auw 
- than intensification. , . _n.i.VilIV 

A more precise and increasingly rouUne approach to graft dys;;^ 
function U to perform a kidney biopsy whenever the serum cr.ejjs 
tintne level increases over the baseline value. "/.ajS 

A 25% increase is usually enough to trigger a respoiwe «>at rete 
ognites the observation that clinical diagnosis of graft dysfuj^ 
is uhreliablc. Therapy is then based on the histologic 

■ each transplanUtion center, a protocol should be 
logically incorporates both noninvasive and invasive techmq^^t! 
evaluate allograft dysfunction during this time period. 

•■ft 

Protocol Biopsies 'i-'*H.>] 
Up to 30*.of dirdcaWy stable patients may wi»"f'y»f'*'».V4^ 
rJedion episodes that do not produce overt renal dy?f«»"f tt^ 
etevvtion in serum creatinme values. Subclimcal >*J«*'?n/ "S^^ 
ically mild by pathologic criteria (Banff type 1; see Chap.teEjWX^ 
Recognition of subdUnical ryection requires «n>f''™.pe'f°5™?^« 
of pi^l biopsies at prespecified posttransplantation mt^^ffls, 
•Theat™wach to treatment and the long-term effect ol 
sodesSe unresolved, although a prospective study haashw^^ 
treatment with corticosteroids may lead to a reduction m 
dence of clinical rejections and iniprovemcnt «»l«^-t^l«' 
and histology. Protocol biopsies performed for B^,"^ 
have not yet become standard practice in nwst tran^P'""*®**??;^ 
ters. altiiough they represent a potentially valuable apprmcg,. 
management. V\ 

Ccdcineurin Inhibitor Levels i ' ^P^^ 

Despite ncariy two decades of experience with cyclosponii6:agS 
decade of experience with tacrolimus, there remains a 

'•"^^^^ 



formity regardmg the use of tixiugh blood levels in routine patient 
;inanagement. Guidelines for dosage are.provided in Chapter 4. It 
'•is clear Uiat high blood levels of these agents do not preclude a diag- 
nosis of rejection and that nephrotoxicity may occur at apparently 
low levels. Nephrotoxicity and rejection may coexist. With these 
provisos, however, it is fair to presume initially that a patient with 
deteriorating graft function and a vejry high cycloaporine or tacro- 
Ijmus level is probably suffering from nephrotoxicity and that a 
^'^'atient with deteriorating graft function and very low levels is prob- 
j:abiy undergoing acute r^'ection. If the appropriate clinical thera- 
Ajieutic response does not have a salutai^ effect on graft function, 
l^tjrie clinical premise needs to be reconsidered Acute calcineurin 
^inhibitor toxicity usually resolves Withm 24 to 48 hours of a dose 
^j;eduction. Progressive elevation of the plasma creatinine level, 
^even in the face of persistently high drug levels, is highly sugges- 
i^ve of rejection. Acute rejection may present as dramatic dete- 
gnoration of grail fimction, whereas it is unusual for calcineurin 
^mnibitor toxicity to produce a greater than 50% elevation of tlie 
^^l^asma creatinine level. 

fXjraft Tenderness 

rratt tenderness on palpation in the first few davs after trans- 
|nJ(}antation is usually an innocuous finding related to recent sur- 
p;ge^. In a stable patient, it is important to palpate the graft 
g^gularly to provide a clinical baseline for future changes The 
I^Velopment of graft tenderness in a previously pam-free, sta- 
ble patient is a significant symptom that needs to be evaluated. 
Vifender, swollen graft in a patient with a rising creatinine con- 
benbfation and fever usuallv indicates rejection, although the pos- 
f|ibi]ity of acute pyelonephritis must be considered Calcineurin 
^Mb^tor toxicity and CMV infection do not produce graft ten- 
^^eks. Excruciating localized perinephric pam is usually due 
1 \krine lealc. 

^KSd' Retention and Oliguria 

ipm.rQ}eGtion and cyclosporine toxicity may produce weight gain 
^^^dema* due to impaired GFR and avid tubular sodium re- 
lo^ption. Mild peripheral edema is common in stable patients 
tfl^Si^ng cyclosporine and usually responds to oral furosemide. 
^tH!acuter^ection and calcineurin inhibitor toxicity can produce 
i^t dysfunction in the absence ofoliguria. Oliguria is common in 
i^tg^jbejection but makes a diagnosis of drug toxicity unlikely 



^mmdn I^aboratory Abnormalities 

cai^fiation of the urine for the presence of red and white blood 
Ifj^j^icteria, and protein should be part of the routine out- 
^htyisit. Pyuria can indicate either rejection or infection, and 
^uM'e should be cultured. The presence of proteinuria may 
rfil^'the early recurrence of the primary kidney disease or 
^rroid&'rejeciion; in the case of patients at risk for recurrent focal 
'^(fjfoflis'/'the finding of proteinuria is an indication for graft 
iopsyjb^cause plasmapheresis may be indicated (see Chapter 9) 
j^^5ir'"dhe plus" proteinuria, amounting to less than 500 mg/day. 
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Reproducibility of the Banff schema in reporting protocol biopsies of 
stable renal allografts. 

Gough J, Rash D, Jeffery J, Nickerson P. McKeana R, Soiez K, Trpkov K. 

Department of Pathology, University of Manitoba Health Sciences Centre 
Wtnmpeg, Manitoba, Canada. gough@ucalgary.ca * 

v^u^?^^^'' '^'^^ '■^ ^.r**^"!* '^""^ allografts may be of 

value m predjcting chrome allograft nephropathy, the main cause of graft loss 

However, the reproducibility of such histological evaluation has not been tested in 
^•?SfS?^^^/^'*^i reproducibiUty of the Banff schema for this puipose. 
METHODS: We rated acute and chronic changes in 184 protocol biopsies 
IndmdiMd pathologists at two different Canadian transplant centres reported 
independently. RESULTS: There was agreement in 73.53, 42.86, and 77 08% of 
cases m assigning a diagnosis of acute rejection, bonJerline changes (as defined in 
me schema), and no acute rejection, respectively. Applying kappa statistics, there 
was very good agreement in making the diagnosis of acute rejection vs no acute 
rejection (kappa 0.77). There was good inter-observer agreement in scoring 
glomeruhtis, mtunai arteritis, interstitial infiltrates, tubulitis, and arteriolar 
^ahnoMs. Ratmg chronic changes also gave good inter-observer agreement 
Ckappa=0.53. 0.65, and 0.62, respectively, for mild, moderate, and severe chronic 
auogiaft nephropathy). Agreement on transplant glomerulopathy was. however 
poor. CONCLUSIONS: We conclude that the Banff classification provides a 
reproducible method for the histological assessment of protocol i«nal allograft 
biopsies m ^le grafts. Such biopsies may be valuable in detecting subclLical 
rejection and early chronic aUograft nephropathy and may also be used as surrogate 
end-pomts m the evaluation of therapy to prevent the latter. 
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Semin Nephrol 2002 May;22(3):254.67 



Percutaneous renal biopsy. 



Kort>et SM. 



Section of Nephrology, Department of Medicine, Rush Presbyterian St Liikes 
Medical Center Chicago, IL 60612, USA. 

Percytaneous renal biopsy (PRB) is an integral part of the clinical practice of 
nephrology. It is essential in the diagnosis of glometular, vascular, and 
tubulointerstitial diseases of the kidney, providing information that is invaluable in 
prognosis and patient management. The use of real-time ultrasound and automated 
biopsy needles has simplified and improved the success and safety of this 
procedure. In the recent past, we have seen a shift of the PRB from nephrologists to 
radiologists and this has raised appropriate concern that loss of this procedure may 
undermine the nephrologist's status as a subspecialist We must continue to properly 
train young nephrologists in the proper technique and value of performing renal 
biopsy procedures or we stand to lose control of a procedure that was an integral 
part of the development of our subspecialty. Copyright 2002, Elsevier Science. 
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